INTRODUCTION
The quantal release of acetylcholine (ACh) at the neuromuscular junction has received considerable attention, both because of its intrinsic interest and because of its relevance to transmitter release at autonomic neuroeffector endings and central synapses. It is generally accepted that ACh release results from the interaction of ACh-containing vesicles in the pre-synaptic terminals with the presynaptic plasma membrane, leading to exocytosis of transmitter (1) . It is also widely held that stimulus-evoked release results from entry of Ca++ into the presynaptic terminals (2) . Although some doubt still exists, we feel the evidence is sufficiently compelling to warrant acceptance of this picture.
A question of some interest in this context is why Mg++ inhibits stimulus-evoked release of transmitter (3) . Proposed answers have focussed on postulated binding of Ca++ to release sites on the presynaptic membrane and competition between Ca++ and Mg++ for these sites (4, 5) . We offer here an alternative explanation that involves no specific binding of ions, but depends simply on some general consequences of diffuse double layer theory. In particular, if a membrane bears a net negative charge, then the concentration of Ca++ near the membrane is not determined solely by its concentration far from the membrane (i.e., in "bulk" solution). Rather, because the total space charge near the membrane is constant, if the bulk concentration of any other cation (e.g., Mg++) is, for instance, increased, the surface concentration of Ca++ must decrease. Since it must be the ion concentration immediately at the membrane surface which is the "effective" concentration, it becomes a quantitative question whether our proposed mechanism is capable of accounting for the Mg++ inhibition of Ca++ activity. Although we consider experimental data from only one preparation-the frog neuromuscular junction-we believe that the same inhibitory mechanism operates at most, if not all, chemically transmitting synapses and at such hormone-releasing cells as the chromaffin cells of the adrenal medulla and the pancreatic a-cells. [Ca++] ., the concentration of Ca++ in the "bulk" extracellular fluid (or bath). The model we have in mind (although it is not necessary to accept this for our present considerations) is the one proposed by Katz and Miledi (6) . Quantal content is determined by the entry of Ca++ into the presynaptic terminal during a presynaptic action potential. This entry occurs through voltage-dependent calcium channels in the presynaptic membrane. Thus, the calcium that the channels "see" is that at the surface.
2. The outer surface of the presynaptic membrane has a negative surface charge density a-(expressed in charges per unit area).
3. The concentration (in charges per unit volume) of a given ion at the membrane surface, [ijo, is related to its concentration in the bath, [iMs, through the Poisson-Boltzmann equation, i.e., diffuse double layer theory.
Theory
The basic premises of the theory are: (1) the concentration at a distance x from the surface of the terminal* of ionic species in is given by the Boltzmann Distribution:
where, = concentration of in at large distances from the surface in= valence of the ion q = charge on the electron k = Boltzmann constant T = temperature in degrees Kelvin Q = electrostatic potential at a point x (,a, = 0) and (2) the electrostatic potential, V,, satisfies Poisson's equation:
* The radius of curvature of the motoneuron terminal is large enough that, for purposes of double layer theory, we can treat it as planar.
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Abbreviations: ACh, acetylcholine; e.p.p., end plate potential.
We are particularly concerned with the surface concentration of calcium, [Ca++Io, which is given from the Boltzmann distribution (Eq. 1) as: 
da2
-47rp [2] where e is the dielectric constant of water and p is the spacecharge density defined by:
[3]
Combining Eqs. [1] [2] [3] and restricting ourselves to the physiologically interesting case in which the extracellular fluid contains only univalent cations, univalent anions, and divalent cations, we obtain the Poisson-Boltzmann equation: [4] Combining this with the condition of electroneutrality at points far from the membrane:
[5] and the electroneutrality of the double layer as a whole: co a= -J pdx t [6] we can solve for the relation between a and the surface potential, to, to obtain (7):
-T= [i+] (5eqIo/kT + e -qSo/kT -2) ekT + [i ++ (2eq~o/k T + e -201k/k T -_3). [7] t We assume that the amount of charge within the membrane is so small that it is effectively approximated by zero; thus there is no space-charge region within the membrane. Also, we neglect the small contribution to p that results from the potential difference across the membrane. (8, 9 ) is explained by an increase in to, produced by a lower univalent cation concentration, and hence an increase in [Ca++]0.
2. Quantitative aspectsl-The data points in Fig. 1 We have shown that the effects of Mg++ and univalent cation concentration on quantal content at the frog neuromuscular junction are quantitatively predicted from the assumption that there exists a negative surface charge of a given magnitude (6.5 X 101' charges per cm2) on the outer surface of the presynaptic terminal. ** A negative surface charge has been found on all cells investigated to date, including nerve, and probably arises both from acidic phospholipids and from proteins associated with the plasma membrane and its extraneous coats. In addition, material in the synaptic cleft may contain negative charged groups, and it is possible that these charges are formally included in the surface charge density, u.
By focussing attention on diffuse double layer theory, we exclude specific adsorption of ions, ion size, binding of ions to specific charge groups on the membrane, etc. The only relevant property of the ions is their valence and concentration, tt and the precise chemical nature and spatial distribution of the charges contributing to are not relevant. Obviously, these factors may play a role and lead to quantitative modifications of the results. The good agreement between the theory we present and the available data does indicate that to at least a first approximation, simple double layer theory, without these other refinements, adequately treats the major aspects of the phenomena. We recognize, however, that simple electrostatic screening, which quantitatively accounts for the action of Mg++, is not sufficient to explain entirely the effects of other multivalent cations. Although we feel that Sr++ and Ba++ behave like Mg++ on the outside of the presynaptic terminal to reduce quantal content, their presence on the in-1 1 If Na+ is substituted for sucrose, the height of the presynaptic action potential will increase, and this might affect m. The point of these experiments is that ionic strength is changed at constant Na + concentration, thus circumventing this problem. ** Actually, in terms of the model, a is the charge density on the outer surface in the vicinity of the calcium channels. This might differ from the charge density at other points on the terminal. side, after entry into the terminal through the calcium channels, acts to increase quantal content; this complicates the interpretation of data obtained with these ions (11, 12) . On the other hand, Be++ and nonalkali earth multivalent cations (e.g., Mn++, UO2++, Ni++, Zn++, and La+++) undoubtedly can bind to the motor axon and its terminals and thus act at much lower concentrations and in more complicated fashions than Mg++ (12) (13) (14) .
Comparison with the binding theory
The binding theory attributes the reduction in quantal content produced by Mg++ and Na+ to competition of these ions with Ca++ for presumptive release sites (4, 5, 10) . Although physically quite different, the two theories are formally very similar. Instead of competitive binding leading to displacement of Ca++ from the membrane, we attribute the effects of Mg++ and univalent cations to reduction in the surface potential, and hence a reduction in surface Ca++ concentration. In choosing between these two theories one can, at present, only be guided by the simplicity of the assumptions. To account for the data, the binding theory must postulate ad hoc binding sites and must invoke empirically determined binding constants for Ca++, Mg++, and univalent cations. In contrast, we have shown that the effects of Mg++ and univalent cations arise from simple physical theory and are predicted from one empirically determined constant, the surface charge density, a, on the outer membrane surface. The value of a, incidentally, is comparable to other estimates of negative surface charge densities on the outer surface of nerve membranes (15, 16) .
